
UNCLASSIFIED

286' 919AD" mmm.

ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

UNCLASSIFIED



DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.



NOT ........ gove 1. or other drawinp., spe-
fications or other data are used for n purpose
other than In connection with a definitely related
government prourement operation, the U. 5.
Goverment thereby incurs no responsibility, nor any
oblistion matsoever and the fact that the Govem-

nt my have fo a furnihed, or in sy wy
supplied the said. dvawings, specifications, or other
data is not to be reuded by Implication or other-
vise as In any mner licensing the holder or ay
other person or corporation, or convying my rigts
or pezo.ssion to miafcture use or sell ay
patented invention that m in a wy be related
thereto.



7T7

Mean Lives of Positrons in Aqueous Solutions*

Jeroue E. Jackson

and

John D. IMoervey

6 L, :Western Reserve University

m roment of the time distribution of positron annihilatlons in aqueous

solutions8 reaction rates for oxidation of positronium by the ions Mni 4  IO ,

and Hg ve been determined. In strong oxidizing solutions the mean life of the

positrons reaches a lower limit of 4.3 x 1 see; the short lifetime

water was measured ard found to agree with this value. A Pb(ClO4) 2 -3H2  solution

reduced the intensity ij with no significant change in the long mean life l j

an effect previously observed in nitrate solutions. This may mean that in these

two cases oxidation can occur before Ps is thermalized but not afterwards. The

decay aistributions from a mixture of Hg sad MnO4  ions in solution and the

ion in separate solutions with Cl and Cl, iindicated an association taking place

between the negative and powstive ions.
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soe stV of pesitem SUMOLatS In li4eds Is directed toward.

uaders lta e of kntoa'atio that loads to the formation o d..

stmotion ot bmwA states prior to animiilation. In water aproiter

1/3 o the positrom pair with an electom throug an elsetrostatio attrao-

tion forming a rydrogen-lil system called positronim (Ps). Thi system

Is oonsidered stable even though the electron and positron annihilate in

a short t . Condition are favorable for Ps fonation when the positron

entering water are slowed ty inela2sti coIiaion to an energy that lis

in the ravse called the 4Ore gap'. For the positron to be within the Ore

gap its energy uast be les than the first e0dtatlon potential of the

surom li~ago eleouleo, bat not below the firt ioniation potential m ons

theb in Br o P (Am & P k h-SO.

The paired electron and positron In positronim my fora a singlet

(BpI= mati-pa"alle) or triplet (sine paale) state. The man lae

for the singlet state Is 145 x 10 20 see, decayin ty sw-4nenilatias.

Mh triplet state lives mob looger, lA x 0"? ma, tbu &axift other

deca mdmnsm to take place before sf-am a h

The formation of Ps In water ws demostrated by the positron lftem

t iem-nte of Poll M at shm-.1 Late Gre and Bell foud a

complex deft Ath about 20 of the positron having a loft man ife,

1.8 z 3O09sOee, and the et havAg a mSn life of aboat 3 z lO 10

Ssm. 7 POSitrOm with the sort ma li reah themal mmg wItb-

cat sapbari an eleet,4.i and am~Ilate as free positron,. thes wilk

the ION MO lfe fez'. treplet, Ps ad e pfartiall mbieded fm the

s m eletroes, bet, evima amati with ns hmr.

lag eaeuel " the npu f pmess.3



Time eidte,,e ot an atm of 1 a , twer e,mble me to std, ohe,,ol

reactions between It and "Mu In solution. When good oxidizinag agefts are

added to water, the Ions forced capture the electron from the Ps at.

This leaves the positron with an energ too low to forn. another Ps atom

Without it. paired electron the positron In no longer shielded from other

electrons thus its =an life in water is shortened. This effect on the

an life has been previously observed for the lon Hg+, Sn+" and SI ' ' .4

easuemnts of the angular correlation of the two annThilation pu ny

also indicatedthe oxidation of Ps by the ions CW andm %- .5

In a collision the Pe atom may be destroyed by oxidation if the electron

energy level of the resulting product Ion Is lower than it was in Pg.

Even when the electron energy level for Ps Is lower thian the product ion,

the transfer of an electron my still be possible if the lacking energy

is supplied by the kinetic energy of the reactants. The lower the product

ion energy level the better it perform as an oxdising agentl the oorres-

ponding oxidation potential is chosen here to becon more positive and Is given

in table I in this sense. The oxidation potentials only partially reflect

the abilit of these low to act a oxidizing agents of Ps, The value for

an lou's oxIdation potential Is obtained In noa, oases frm a cell zeaction

involving several electrons, uberoewhen this Ion reacts with Ps, o4y am

electron $a trawfered. An exalse of *t my happen In given br the

IO L on In table Is Its o datIon potentIal ws detendned frm a cel

remotion iwolvIg esi electrons. It I* seom %bat the IOj ima has a bisher

uddtoMI ptentia then the IV~arA *Oj) low., bat is the leassteetive

as an oxidsilg agent.

The reaction between Ps and an oxdisIng Ion Is different in anathe



w tm the unal ox!Iotio prooessl the Ps reactim dos not

c to librlo . The zve:e reaotion inolving the redation of

Ps does not take place becmue the -u Ion a positron wl deco almost

imodiate2y, Without equilibrum, definite Limits cannt be assingend to

the oxidation potential or bAndi energy of Ps in solutions h The decoy

distributions or positrons in these sontiom where ohieal reactions

take place do give definite Information. The observed lfetime of Ps pzo-

vides a direct messureunt of the forward reaction rate of Ps itth an oxidis.

In ion.

BIPERI1MA&L P1DC3MJE

A 5 micro curle source of ?1s22 In the form of Nai dissolved in HCIL

was evaporated to dryness in a glass vialp lam In diameter and 3 a high.

The solution studied ws then deposited in the vial and sealed. With this

arrangement less than 2% of the positrons aruihlated in the glass.3an

emts almost sizu.tansously a positron and a 1.3 Rev gams ray the pos-

Ityo annihilates in the solution gIvIng off two .511 Nev gawm reys.

The apparatus mosures the time Interval between the uclewgaoso my and

one of the azralhlatlnn gams rov.

Details of short lUfetlm mesasuremtnts are well known. Two saint, illa-

Uon counter. view the radiationj a pulse from one dynode of each counter

gses to an asqifler and pulse height selector which selects a 1.3 Nev
Soma =W fri one oounter and a .511 Nov a Mhation gama my froa the

other. mm h e th M selector matts an Ino idse, a Gate Is open-

ed allming a sixty ohamel pulse height anslyser to accept and sort, a

pulse frm a tIt4o-esqitude converter. Te converter outpAt Is propoaz

timl to the tim difftenoe betueeN tst pulses In thw two ounters.



Nueaed delay ea1bles Insrted between the swaer aed Oouvewte iqP08

establish the time soale* bw shifting the peak of the distribstom a given

munt. b&U cairto wag linear to within 2% and reained stable to

within 2% over Periods of several days. A Npramqt* curve, obta1Izd bq

~aift the gams rags of C06 (nse Fig. 1), hee a width at bait AMS

of 0.75 x: .0-9 see.

After approximately a ten hour ran a distribution of positron life

times warns obtained. The, right hand slope of the distribution gives -the

mean life of the jpositwone In a particular liupid environment.

P IWFSUTS AND DISCSSICON

Considering just the two major process* picicoft and oxidatlon, the

total annihilation probability was found to be the sun of the probabilities

for each decay uechaniea. For sufficiently long time the observed decay

constant J* wiflbe At Ao Ar if A4Ap & A4. or

A. i the oxidation probability per unit times Apia the Pickoff amdWhIlaw

to rbalts n ( stefree LoiZonaahlto roba Iii e

Thtimedistibuindfipsirn antdedi the sortns eai fe

frmwtrbj ie mu is related to the Oidation Potential ot the

zm" vo r psiiveIonInquestion (%t(1, 0f~ 1%"# 20i SeWSa the Vala-e

tinof positrn mea life with different ooaentratIons of these solution

Iiiad that is Iproportional to oonsentrations this p'priult



is ns mi a eI.for a olution, Inig. I the an lifte of the

Positron ma plotted as a funotion of concentration; the solid &Ama s

drawn unider the assumption that A. is proportional to ooncentration. The

observed man lfe, we calculated as f function of ). b letting

?, vary br factors of two in "units* of A . corresponding to similar

changes in concentration. The experimental points provide a good fit to

the calculated curve.

In the region of high concentrations VI& 2 also shows that the curves

for KMtO and Ngl 2 reach a constant value; this value is aluost the same

for both solutions and equals apprazxiutey I.3 x 10" 0 sec. At these

concentrationes, where the condition A. AtA A Af Is W,!iUsd, a constant

amen ifae Is ex-eted, nmly I n the lidIt of high concentrations

the oxiddising ions destroy Ps as quickly as it Is formed leaving all the

postmns free in water with a constant probability of decay.

The lower limit of TL at high concentrations is a oonvincing demom-

station of the oxidation phomnon, if It could be shown that the value

for this man life n really be assigned to free positrons In solution.

A separate determination oft can be mode from the coolex dec of positrotn

In pvre vater. The density of a IA N solution of Oi% Is only 16 greater

than water and is therfore silar to water, as far as free therilsed

ltrons ara conoerned. The slope of/ 0if en.tlal In watet, detedned

to t ) 0 and subtraod from the totse oun t to obt an the short lived

of tree positros LA water* The seen 1to caclae In this way m

.2 "--) x 20"40 sec*e. a gee ment bem 7, and the u/ t f



own life verifes that an oxidation pnew ss te A mean 11fe In tboe

Teerlier result of 3, z 10"1I 0 sea obtained', by Bell and GrOm win

the acentroil shiftm method does not agree with this value. Gztioli pointed

out, however, that an error of the onder of 10"W sea from the -* Q-

umtstionalone was possible in their resuts. 6

Conidering the eomplex nature of solutions, it Is surprising that

the eolafain of the above data could be given In terms of just two

prooesese oxidation and piokoff, and that A. is simply proportional to

concentration. To pusue the validity of these assumptions furthr, the

solntions 1Kg(S LO,)jl-.2O and 0ig, 2 wo stied. The negative ions. m1

and C0Oj produce no oxilationj solutions with the Cl Ion have bee. stUdied

priviously,. and the solutions Da(C_ 4)2 and Li(C%). studied In this

vo* , gave siomlar results of o1usiug no oxidation. The 1/8 N solution

Of lRg( 14) 2-9f 20 reduced the CT&coNponsnt 1W Oxiddtlont bet 1by an aluwu

less than the Ng ion In a 1/8 N solution of U , * Thi see m eto dI-

sate a greater assooiatio between the 10a% amd mi ioa 9 *Loh red so

the ability of Rg4* to oxIdlse Ps Thero Is supporti g ev4enoe for this

tien Constant ba WA-.

Anot hertoft association effect was sof bF , ~ a 2/16 11

solutio e of0 with a IM N soliutn The obse r"e w I
for positre. Vas greater thmen ft the pare IWtO iaiiMatift"M*

Of asedatin ul gMrt Me&Ae the Oddia- per of beth the ft"*

and MC lowu.

Te inth lt of the long lived eompoomt Is a iunne of the -

ber of postrons that fo te l d triplet Ps. he Iteity



talus an the parcentage aft $ne count. In the Ihug lved mg 9 mtstl to

the total madr ot counts In the entin distribatios. In water and poor

oxIdlIng solutione that oaus no sIgnIfoant decreme In r. p the I&*

te.mity W4e 21t 5%0 A 2 M solution of P OjM0)2*W3 produced an uset

ad decrease In the inte1ity, see FMe i. A simdlar result was obtained

for Na30 3 ty Green and Bell; a large reduction n intensity was observed

with no sihficant change in the long lifetime itsolf. 2  This effect use

zpvIasd y assumig that mwz of the free positron are captured by the

130f Ion forming a stable ooqpumd. TWmsv m mlul M thm deaqs at a

rate comparable to singlet Pv# thus reducing the Inteuity. By assuming

this electron capture process the variation of Inenstity as a ftntion

of Ucj on-ustretton Mas epAird bo wvern the asuqtin bami s aome-

that unatisfato7 whe this effet d d ot even appear / other

Th Ps at neative iomd (0m- a 003. Cl.7 tf 9r0 # 103 aid ftIoj

stuied in this woza bet doee appear associated with U positive ft"

lose

Giving a detailed picture of the Ore gap in a oonplex liquid medium

wod he diffoqult* bat a oser consideration of the ene t available

for ft foemtion might tihl pmoe useful for explainin the above sluct*

The pg ato& MW be folmd wiLth a kinetic enevu ot up to 2 si9l 100 time

greater than itso theimi miv. ti es though the 11aaiato time Is

ag~o..inar 1040 mgc oe would4 met that %Lth this addd kitutio

smru the fs atom ould be oxidiad ty an quit WhO electron afflmt

IS slutoa equal to or lees than th e aton. Singe In the experlment

the zediation Is viewed at times lofg comid to the thea satisan tmm,

ths effect woud Just appear as dereae In the inteaiyof the ft



1vd eaom, ect.e weo oam Is tht Ps am be oxidised beftz I t is

thl, lat0d b1 the Pb aud, Noj Sl , aut mnt afttimzfeo

The spee of the reaction betweens atom and both negative and

Poeitive lone has been measured directly. This speed was not only related

to the oxidation potential of the iow but also to the degre of asoo.

iation ocouring in the solution. Future studies Involving both lifetime

and intensity measuremnts my help to gim more Infomation on the nature

of ohmioal bonds in solution.
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